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DESCRIPTION 

COMPLEX BLACK OXIDE PARTICLE, PROCESS FOR PRODUCING THE SAME, 
BLACK COATING MATERL^L, AND BLACK MATRIX 

Technical Field: 
[0001] 

The present invention relates to a complex black oxide particle, a process for 
producing the same, a black coatmg material, and a black matrix. More particularly, it 
relates to a complex black oxide particle which contains the oxides of cobalt, copper, and 
manganese and is suitable as a black pigment for coating material, ink, toner, rubber, 
plastic, and the like. In particular, it relates to a complex black oxide particle which is 
excellent in blackness and is suitable as a black color composition for a black matrix, or a 
black electrode or a light-shielding layer for front panels of plasma displays or plasma 
address liquid crystal displays, a process for producing the same, a black coating material 
and a black matrix. 

Background Art: 
[0002] 

A black pigment used for coating material, ink, toner, rubber, plastic, and the like 
is required to have excellent performances in blackness, hue, tinting strength, or hiding 
power as well as low cost. Carbon black, iron oxide-based pigments including magnetite, 
or the other complex oxide pigments have been used for each purpose. 
[0003] 

Nowadays, in any application areas described above, improvement in 
performance and quality is not the only requirement for the black pigment. For example, 
a black pigment consisting of a metal oxide as a main component is required to have not 
only an excellent blackness but also excellent performances in oxidation resistance 
required in sintering process in the production of black matrixes, dispersibility in vehicles 
required in the preparation of a coating material using resin or solvent, or surface 
smoothness of a coating film prepared from the coating material. As a typical example 
of a black pigment consisting of a metal oxide as a main component is listed a particle of 
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single metal oxide (consisting of only one kind of metal) such as cobalt oxide, manganese 
oxide or copper oxide, or a particle of complex oxide (consisting of two or more kinds of 
metals) such as Cu-Cr, Cu-Mn, Cu-Cr-Mn , Cu-Fe-Mn, Co-Mn-Fe, or Co-Fe-Cr oxide. 
[0004] 

5 Regarding the single metal oxide, a particle which has a larger particle size has a 

higher blackness, but a particle which has a particle size in submicron order has a brown 
tint and such a particle is not easy to produce. 
[0005] 

Regarding the complex oxide, it also has advantages and disadvantages from the 
10 standpoint of the performances required for a black pigment. First, a complex oxide such 
as Cu-Cr or Cu-Cr-Mn oxide which contains chromium has, in addition to the problem of 
chromium toxicity, such a disadvantage that a particle in submicron order is not easy to 
produce. 
[0006] 

IS Further, as disclosed in Patent Document 1, microparticulation of a complex 

oxide particle of Cu-Mn is easy, but the particle easily deforms into an indefinite form and 
easily coagulates into an aggregate, resulting in poor dispersibility in the preparation of a 
coating material containing the particles and poor surface smoothness of a coating film. 
[0007] 

20 As disclosed also in Patent Document 1, a complex oxide particle of Cu-Fe-Mn 

has a high blackness, and is excellent in dispersibility because it has good uniformity in 
shape. Also a complex oxide particle of Co-Mn-Fe disclosed in Patent Document 2 has 
good uniformity in shape and is excellent in dispersibility. However, since both particles 
described above contain iron, and their blackness depends on Fe^"*", they are easily 

25 degraded with time. It is said that both particles are poor in weather resistance and 
oxidation resistance. 
[0008] 

As mentioned above, there has not been known to date a satisfactory black 
pigment containing a metal oxide as a main ingredient, which is excellent in blackness, 
30 oxidation resistance, dispersibility in the preparation of a coating material containing the 
particles , and surface smoothness of a coating film prepared from the coating material. 
[0009] 
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Besides the above-mentioned prior art, it is required for a high light-shielding 
film of black matrix on-array type used for plasma displays or plasma address liquid 
crystal displays to have high electric resistance to ensure prevention of electrical leakage 
between electrodes. As a consequence, it is needless to say that a black pigment which is 
S used to prepare the film preferably has high electrical resistance as described in Patent 
Document 3. The electrical resistance of the conventional metal oxides is not in a high 
level that is required for a black pigment. A material having still higher electrical 
resistance has been demanded. 
[0010] 

10 Patent Document 1: JP-A-1997-237570 

Patent Document 2: JP-A-1998-231441 
Patent Document 3: JP-A-2000-162643 

Disclosure of the Invention: 
[0011] 

IS Therefore, it is an object of the present invention to provide a complex black 

oxide particle suitable as a black pigment for mainly coating material, ink, toner, rubber, 
or plastic, and a process for producing the same. Particularly, it is an object of the 
present invention to provide a complex black oxide particle suitable for a color 
composition for black matrixes, or a black electrode or a light-shielding layer for a front 

20 panel of plasma displays or plcisma address liquid crystal displays, and a process for 
producing the same. It is still further an object of the present invention to provide a 
complex black oxide particle which is excellent in blackness, oxidation resistance, 
dispersibility in the preparation of a coating material containing the particles, and surface 
smoothness of a coating film prepared from the coating material, and a process for 

25 producing the same. 
[0012] 

As a result of intensive studies on a material that contains various kinds of metal 
oxides as a main ingredient, the present inventors have found that the above object is 
accomplished with a specific complex oxide particle of Co-Cu-Mn, and completed the 
30 present invention. 
[0013] 
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A complex oxide particle of the present invention consists of oxides of cobalt, 
copper, and manganese. The molar ratio of copper/cobalt is 0.1 to 0.5 and the molar ratio 
of manganese/cobalt is 0.2 to 1.0. 

Best Mode for Carrying out the Invention: 
5 [0014] 

Preferred embodiments for carrying out the present invention will hereinafter be 
described. The first embodiment of a complex black oxide particle according to the 
present invention consists of oxides of cobalt, copper, and manganese, in which the molar 
ratio of copper/cobalt is 0.1 to 0.5 and the molar ratio of manganese/cobalt is 0.2 to 1.0. 
10 [0015] 

In the examination of complex black oxide particles in the invention, the present 
inventors have prepared various types (composition) of complex black oxide particles and 
have found that many of these have a shape of plate or indefinite form. For example, a 
complex black oxide particle of Co-Mn, Co-Cu, or Co-Mn-Fe tended to provide a particle 

15 of plate form. A complex black oxide particle of Mn-Cu, Mn-Cu-Ni, or Co-Fe-Cr tended 
to provide a particle of indefinite form. Among the particles having a shape of plate 
form, some of them had good uniformity in shape to a certain extent. However, the 
dispersibility in the preparation of a coating material containing the particles was by far 
poor as compared with that of a complex black oxide particle of Co-Cu-Mn having a 

20 shape of spherical or quasi-spherical form. Further, a particle having a shape of 
indefinite form was found to show not only poor dispersibility in the preparation of a 
coating material containing the particles but also show poor surface smoothness of a 
coating film prepared from the coating material. 
[0016] 

25 In view of the above-described finding, the present inventors have firstly 

examined a complex black oxide particle having a shape of granular, particularly spherical 
or quasi-spherical, and found that excellent dispersibility in the preparation of a coating 
material containing the particles and surface smoothness were achieved by a complex 
black oxide particle of Cu-Fe-Mn or Co-Cu-Mn. A complex black oxide particle of 

30 Cu-Fe-Mn is excellent in blackness as well as in dispersibility in the preparation of a 
coating material containing the particles and surface smoothness of a coating film 
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prepared from the coating material. However, the complex black oxide particle of 
Cu-Fe-Mn is poor in oxidation resistance, resulting in color change or degradation by 
oxidation. 
[0017] 

5 From the above-mentioned examination, it was found that a complex black oxide 

particle of Co-Cu-Mn was preferable. However, the Co-Cu-Mn oxide does not achieve 
all of the objects of the present invention. So the present inventors have focused 
attention on the amounts or ratios of the constituents of the oxide. 
[0018] 

10 Firstly in the first embodiment of the invention, the molar ratio of copper/cobalt is 

0.1 to 0.5, particularly it is essential to be 0.15 to 0.45. When the molar ratio is smaller 
than 0.1, the resultant particle tends to become coarse and large and becomes poor in 
tinting strength of a coating material containing the particles. At a molar ratio larger than 
0.5, a particle having a shape of indefinite form tends to develop and the dispersibility and 

IS blackness in the preparation of a coating material containing the particles become poor. 
[0019] 

Further in the first embodiment of the invention, the molar ratio of 
manganese/cobalt is 0.2 to 1.0, particularly it is essential to be 0.3 to 0.9. When the 
molar ratio is less than 0.2, the resultant particle tends to get a shape of indefinite form 

20 such as a plate form and becomes poor in dispersibility in the preparation of a coating 
material containing the particles and also becomes poor in tinting strength of a coating 
film prepared from the coating material. When the molar ratio is larger than 1.0, the 
obtained particle tends to get a shape of indefinite form such as plate form. In addition, 
the particle tends to collapse into fine powder, and the red color of the particle becomes 

25 strong. 
[0020] 

A complex black oxide particle according to the first embodiment of the 
invention has a crystal structure of a spinel or inversed-spinel type in many cases. Such a 
crystal structure is excellent in blackness or hue as compared with the other crystal 
30 structures, and is preferable. Whether the particle has a crystal structure of a spinel or 
inversed-spinel type or the other crystal structures can be judged from the measurement of 
XRD. Whether the particle has a crystal structure of a spinel type or an inversed-spinel 
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type can be judged from the Moessbauer spectroscopy. In the present invention, it is 
significant that the complex black oxide particle has a crystal structure of a spinel or 
inversed-spinel type, and it is not so significant whether the crystal structure is a spinel 
type or an inversed-spinel type. 
5 [0021] 

A complex black oxide particle according to the first embodiment of the 
invention preferably has an average particle diameter of O.OS to 0.15 [xm. A complex 
black oxide particle having such a fine particle size provides an excellent surface 
smoothness of a coating film of a coating material containing the particles, and the coating 
10 film gets a high degree of gloss. 
[0022] 

A complex black oxide particle according to the embodiment of the invention 
preferably has an oil absorption amount of 40 ml/lOOg or less. When the oil absorption 
amount exceeds 40 ml/lOOg, aggregation of particles frequently occurs, resulting in the 
15 poor dispersibility in the preparation of a coating material containing the particles. 
[0023] 

A complex black oxide particle according to the first embodiment of the 
invention the invention preferably has a BET specific surface area of 10 to 40 m /g. 
When the BET specific surface area is smaller than 10 m^g, the particle itself becomes too 

20 large in size and this sometimes leads to a failure of poor tinting strength of a coating 
material containing the particles. When the BET specific surface area is more than 40 
mVg, the surface smoothness of a coating film of a coating material containing the 
particles is poor. Further such a too fine particle sometimes causes lowering in 
blackness. 

25 [0024] 

A complex black oxide particle according to the first embodiment of the 
invention preferably has a coefficient of variation (CV value) of equal to or smaller than 
40%, which is given by the equation: CV value (%) = (standard deviation of Feret (nm) 
obtained from SEM image) / (mean value of Feret {yvoi) obtained from SEM image) x 100. 
30 When the CV value is more than 40%, the particle size distribution becomes too broad and 
there are too many aggregated particles and too many larger particles. This leads to poor 
dispersibility in the preparation of a coating material containing the particles and poor 
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surface smoothness of a coating film prepared from the coating material. 
[0025] 

A complex black oxide particle according to the first embodiment of the 
invention preferably has an "L" value of equal to or smaller than 20 as measured with a 
S color difference meter, an "a" value of equal to or smaller than 0.1, and a "b" value of 
equal to or smaller than 0.1 in the blackness and hue measurement of powder in 
accordance with JIS KSlOl-1991. When these values do not satisfy the above conditions, 
the particle has a reduced blackness and a hue stronger in red or yellow, and is not suitable 
as a black pigment. 
10 [0026] 

A complex black oxide particle according to the first embodiment of the 
invention preferably has a "AE" value of equal to or smaller than 0.5 which is given by 
blackness and hue values usmg the equation of (AL^ + Aa^ + Ab^)^^ for a test specimen 
before and after heat treatment at 180°C for 2 hours in air. When this "AE" value exceeds 
15 0.5, the particle becomes poor in oxidation resistance. 
[0027] 

A complex black oxide particle according to the first embodiment of the 
invention preferably has an "L" value of equal to or smaller than 35 as measured with a 
color difference meter, an "a" value of equal to or smaller than -0.5, and a "b" value of 
20 equal to or smaller than -3.5 in the tinting strength measurement using titanium oxide. 
When these values do not satisfy the above conditions, the particle has a reduced 
blackness and a hue stronger in red or yellow, and is not appropriate as a black pigment. 
[0028] 

Hereinafter, a process for producing a complex black oxide particle according to 
25 the first embodiment of the invention will then be described. The process for producing 
a complex black oxide particle according to the first embodiment of the invention is 
characterized in the processes: an aqueous solution of mixed metal salt prepared from 
water-soluble salts of cobalt, copper, and manganese is mixed and neutralized with alkali 
hydroxide to obtain a slurry of metal hydroxide; the resultant slurry of metal hydroxide is 
30 kept at a pH of 10 to 13 and oxidized at a temperature of higher than 40°C and equal to or 
lower than 60^C to obtain a precursor slurry; the temperature of the resultant precursor 
slurry is elevated to a range of 80 to 150^C so as to age the precursor slurry; after 
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solid-liquid separation of the resultant precursor slurry,a solid content is subjected to heat 
treatment at 400 to 700®C for longer than 1 hour and equal to or shorter than 3 hours. 
[0029] 

In the present process, the ratio of cobalt, copper, and manganese is significant 
5 when a mixed solution is prepared from water-soluble salts of cobalt, copper, and 
manganese. Specifically, it is significant that the molar ratio of copper/cobalt is 0.1 to 
O.S, particularly OAS to 0.45. Further it is significant that the molar ratio of 
manganese/cobalt is 0.2 to 1.0, particularly 0.3 to 0.9. In order to dissolve the metal 
salts into an aqueous solution, the temperature of the aqueous solution is preferably 

10 regulated at 30 to 60^. Below 30°C, undissolved metal salts are likely to remain in the 
aqueous solution, so that when the aqueous solution is mixed with alkali hydroxide to 
form a complex hydroxide, the complex hydroxide having a non-uniform composition 
may be formed. At a temperature of higher than 60^, the size of nuclei tends to be 
non-uniform, and eventually the resultant complex oxide particles are inferred to have a 

IS non-uniform particle size. 
[0030] 

The metal salts of cobalt, copper, and manganese used for the preparation of the 
mixed aqueous solution are not limited so long as they are water-soluble, which include 
sulfate, nitrate, carbonate, chloride, or any salt according to the property of the solution 
20 used in the reaction system. Taking into consideration the productivity, the metal ion 
concentration in the mixed aqueous solution may be controlled at O.S to 2.0 mol/L as the 
total ion concentration. 
[0031] 

Thus prepared aqueous solution of the water soluble salts of cobalt, copper, and 
2S manganese is mixed and neutralized with alkali hydroxide to form a hydroxide slurry in 
which cobalt, copper, and manganese are mixed. 
[0032] 

The alkali hydroxide used in neutralization is preferably caustic alkali such as 
sodium hydroxide or potassium hydroxide. Mixing and neutralization can be carried out 
30 in any manner, but it is preferred that alkali hydroxide be added to the aqueous solution of 
water-soluble salts of cobalt, copper, and manganese. A particle with a nuclei of 
hydroxide having a uniform composition can be obtained by adding alkali hydroxide 
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within 60 to 120 minutes. An addition time shorter than 60 minutes tends to cause 
formation of hydroxide having non-uniform cx)mposition or formation of particles with a 
shape of indefinite form. When the addition time exceeds 120 minutes, hydroxide 
having a uniform composition can be obtained, but the nuclei keep on growing and 
5 particles with a shape of indefinite form are likely to develop. 
[0033] 

The pH of the resultant hydroxide slurry is adjusted at 10 to 13 and an appropriate 
oxidizing agent, for example, hydrogen peroxide and the like, is added or 
oxygen-containing gas, preferably air, is bubbled into the slurry so as to form complex 

10 black oxide particles in the slurry. At a pH lower than 10, particles are not easy to grow 
up and fine particles are likely to easily develop. On the other hand, at a pH higher than 
13, particles are likely to have a shape of indefinite form. The temperature of the above 
reaction is higher than 40°C and equal to or lower than 60°C. At a temperature of equal 
to or lower than 40^C, the resultant particles are likely to become fine in particle size and 

IS blackness is likely to decrease. At a temperature of higher than 60°C, particles having a 
shape of indefinite are likely to easily develop in many cases. 
[0034] 

Oxidation is continued until oxidation-reduction potential in the slurry reaches to 
equilibrium. The resultant slurry is heated to 80 to 150-C. After heating, the slurry is 

20 stirred at 80 to lOO^C for 1 to 6 hours or treated at 100 to 150^C in an autoclave so as to 
age the complex black oxide particles in the slurry. This aging process is essential to 
allow the reaction to proceed and to form granular particles. At an aging temperature 
lower than 80^C (lower than lOO^C, in the case of the treatment using an autoclave), the 
reaction does not easily proceed, so that granular particles cannot develop and particles 

25 having a shape of indefinite form are likely to easily develop. At an aging temperature 
higher than lOO^C (higher than 150^C, in the case of the treatment using an autoclave), 
higher reaction rate is likely to cause a wider particle size distribution of the resultant 
particles. This is undesirable. 
[0035] 

30 The slurry which contains the complex black oxide particles after the aging 

process is, after conventional processes of filtering, washing, and dehydration, dried at 50 
to 120^C and then pulverized. The pulverized complex black oxide particles are heated 
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at 400 to 700^C for longer than 1 hour or equal to or shorter than 3 hours so as to stabilize 
their shape. When the heating time is shorter than 1 hour, the shape of the oxide is not 
stabilized, so that the hue of the resultant particles is likely to become poor. When the 
heating time exceeds 3 hours, tinting strength is likely to decrease because of sintering 
5 effect of the particles. At a heating temperature lower than 400^Q the shape of the oxide 
is not stabilized, and this may lead to loosing stability in various characteristics of the 
particles. At a heating temperature higher than 700^C, blackness or hue may become 
poor because of excess load of heat. Either atmosphere of air or inert gas can be used for 
the heat treatment. After the heat treatment, the complex black oxide particles 
10 sometimes partly aggregate. In that case, conventional disassembling treatments can be 
applied to the particles. 
[0036] 

A black pigment prepared from the complex black oxide particle contained in a 
coating material according to the first embodiment of the invention, and a black matrix, a 
15 plasma display or a plasma address liquid crystal display prepared from the black pigment 
are excellent in blackness, oxidation resistaiice, and uniformity and gloss of a sintered 
film. 
[0037] 

Hereinafter, the second embodiment of the invention will be described. About 
20 anything not particularly cited regarding the second embodiment of the invention, any 
description regarding the first embodiment of the invention is also applied to the second 
embodiment of the invention. A complex black oxide particle according to the second 
embodiment of the invention is the one in which a complex black oxide particle according 
to the first embodiment of the invention further contains silicon. The content of silicon is 
25 0.1 to 3% by mass based on the whole oxide particle. That is, a complex black oxide 
particle according to the second embodiment of the invention consists of the oxides of 
cobalt, copper, manganese, and silicon. The molar ratio of copper/cobalt is 0.1 to 0.5, the 
molar ratio of manganese/cobalt is 0.2 to 1.0, and the content of silicon is 0.1 to 3% by 
mass based on the whole oxide particle. 
30 [0038] 

By involving silicon further in a complex black oxide particle of the invention 
which consists of the oxides of cobalt, copper, and manganese, the particle provides an 
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effect of enhancing surface smoothness of a coating film of a coating material containing 
the particles. Another effect of preventing thermal degradation of hue is also provided. 
[0039] 

Silicon can exist either in the inside or on the surface of the particle. It is 
5 essential that the content of silicon is 0.1 to 3.0% by mass based on the whole oxide 
particle, particularly 0.2 to 2.0% by mass. At a content of less than 0.1% by mass, the 
effect of enhancing surface smoothness of a coating film is decreased. At a content of 
over 3.0% by mass, the specific surface area of the particle becomes too large and surface 
smoothness of a coating film also becomes poor. Further, blackness and hue are 
10 damaged. 
[0040] 

A complex black oxide particle according to the second embodiment of the 
invention preferably has a reflectance at 20 degrees of equal to or higher than 40% as 
measured with a color difference meter, more preferably equal to or higher than 60%. At 
15 a reflectance of lower than 40%, gloss of a coating film of a coating material containing 
the particles becomes poor. 
[0041] 

A preferable process for producing a complex black oxide particle according to 
the second embodiment of the invention will then be described. A complex black oxide 

20 particle according to the second embodiment of the invention is prepared as follows: an 
aqueous solution of mixed metal salt prepared from water soluble salts of cobalt, copper, 
and manganese is mixed and neutralized with alkali hydroxide to obtain a slurry of metal 
hydroxide; the resultant slurry of metal hydroxide is kept at a pH of 10 to 13 and oxidized 
to obtain a precursor slurry; then the pH of the resultant precursor slurry is adjusted at 6 to 

25 10 by adding an aqueous solution of water-soluble silicate; after solid-liquid separation of 
the resultant precursor slurry, a solid content is subjected to heat treatment at 400 to 700^ 
to obtain the particle. 
[0042] 

Up to the oxidation reaction step of the slurry of metal hydroxide, the production 
30 of the particle is allowed to proceed in the same manner as described in the process 
according to the first embodiment of the invention. Oxidation is continued until 
oxidation and reduction potential in the slurry reaches to equilibrium. Through the 
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oxidation is obtained a precursor slurry containing oxides of cobalt, copper, and 
manganese. To the resultant slurry is added an aqueous solution of water-soluble silicate. 
Before the addition of the aqueous solution, the complex black oxide particles in the slurry 
can be aged by heating the precursor slurry to 80 to 150^C, and then stirring it at 80 to 
5 lOO^C for 1 to 6 hours, or by treating the slurry at 100 to ISO^C in an autoclave or the like. 
[0043] 

This aging process is desirable, because it allows the reaction to proceed and to 
develop granular particles. At an aging temperature lower than SO^C (lower than lOO^C, 
in the case of the treatment using an autoclave), the reaction does not easily proceed, so 
10 that granular particles cannot develop and particles having a shape of indefinite form are 
likely to easily develop. At an aging temperature higher than lOO^C (higher than ISO^C, 
in the case of the treatment using an autoclave), higher reaction rate is likely to cause a 
wider particle size distribution of the resultant particles. This is undesirable. 
[0044] 

15 An aqueous solution of water-soluble silicate is added to the slurry and stirred 

while the pH of the slurry is controlled at 6 to 10. In this addition process, when the pH 
is lower than 6 or higher than 10, a layer is not easily developed on the surface of the 
particle. It is preferred that the aqueous solution of water-soluble silicate be added over 
30 to 120 minutes, and the slurry be stirred also over 30 to 120 minutes after the addition. 

20 After that, the slurry is subjected to heat treatment in the same manner as in the process 
according to the first embodiment of the invention, and an object product of a complex 
black oxide particle is obtained. 
[0045] 

Now then, in the above-described process of producing a complex black oxide 
25 particle, in place of adding an aqueous solution of silicate before the precursor slurry is 
separated into solid and liquid, an aqueous solution of silicate can be added to 
water-soluble salts of cobalt, copper, and manganese so as to obtain a complex black oxide 
particle according to the present invention. That is, a complex black oxide particle 
according to the second embodiment of the invention can be also produced by mixing and 
30 neutralizing an aqueous solution of mixed salts, which is prepared by using water-soluble 
salts of cobalt, copper, and manganese and an aqueous solution of water-soluble silicate 
with alkali hydroxide to obtain a slurry of metal hydroxide; oxidizing the resultant slurry 
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of metal hydroxide while keeping the pH at 10 to 13 to obtain a precursor slurry; and then 
heating a solid content at 400 to 700^C after solid-liquid separation of the resultant 
precursor slurry. 
[0046] 

S A black pigment in a coating material using the complex black oxide particle 

according to the second embodiment of the invention, and a black matrix, a plasma 
display or a plasma address liquid crystal display which is prepared from the black 
pigment are excellent in blackness and prevention of thermal degradation of hue. In 
addition to that, the black pigment in a coating material is excellent in surface smoothness 
10 of a coating film. 
[0047] 

Hereinafter, the third embodiment of the invention will be described. About 
anything not particularly cited regarding the third embodiment of the invention, any 
description regarding the first embodiment of the invention and the second embodiment of 

IS the invention is also applied to the third embodiment of the invention. A complex black 
oxide particle according to the third embodiment of the invention is the one where Al 
oxide is coated on the surface of a complex black oxide particle according to the first 
embodiment of the invention. That is, a complex black oxide particle according to the 
third embodiment of the invention consists of the oxides of cobalt, copper, and manganese. 

20 The molar ratio of copper/cobalt is 0.1 to 0.5, the molar ratio of manganese/cobalt is 0.2 to 
1.0, and Al oxide is coated on the surface of the particle. 
[0048] 

In the third embodiment of the invention, the surface of a complex black oxide 
particle is coated with Al oxide, so that the complex black oxide attains a high electrical 
25 resistance. The Al content is preferably 0.05 to 3% by mass based on the whole particle, 
particularly 0.2 to 2.8% by mass. At an Al content of below 0.05% by mass, an intended 
effect of getting high electrical resistance becomes small. Al content of over 3% by mass 
of causes reduction in blackness and dispersibility. 
[0049] 

30 By involving the compounds of P or Si in the Al oxide layer coated on the surface 

of the particle can be attained still higher electrical resistance while keeping dispersibility. 
This is desirable. The total content of Al and P is preferably 0.1 to 6% by mass based on 
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the whole particle, particularly 0.4 to 4% by mass. The total content of Al and Si 
(silicon) is preferably 0.1 to 6% by mass based on the whole particle, particularly 0.4 to 
4% by mass. When the above total content is below each lower limit, an effect of getting 
high electrical resistance becomes small, while over the upper limit leads to lowering in 
5 blackness as well as lowering in dispersibility and surface smoothness. 
[0050] 

As described above, a complex black oxide particle according to the third 
embodiment of the invention has a high electrical resistance. The complex black oxide 
particle preferably has an electrical resistance of equal to or higher than 1 x 10"^ Qcm. At 
10 an electrical resistance of below 1 x 10^ Qcm, it is difficult to ensure prevention of 
electrical leakage between electrodes in the application of black matrixes. 
[0051] 

A preferable process for producing a complex black oxide particle according to 
the third embodiment of the invention will then be described. A complex black oxide 

15 particle according to the third embodiment of the invention is prepared as follows: an 
aqueous solution of mixed metal salt prepared from water-soluble salts of cobalt, copper, 
and mang£mese is mixed and neutralized with alkali hydroxide to obtain a slurry of metal 
hydroxide; the resultant slurry of metal hydroxide is kept at a pH of 10 to 13 and oxidized 
at a temperature of higher than 40^C and equal to or lower than 60°C to obtain a precursor 

20 slurry; the resultant precursor slurry is heated to 80 to 150^C and aged; an aqueous 
solution of water-soluble aluminum salt is added to the slurry, and the slurry is kept at a 
pH of 5 to 9; after solid-liquid separation of the slurry, the resulting solid content is 
subjected to heat treatment at 400 to 700-C for longer than 1 hour and equsd to or shorter 
than 3 hours to obtain the particle. 

25 [0052] 

Up to the oxidation reaction step of the slurry of metal hydroxide, the production 
of the particle is allowed to proceed in the same manner as described in the process 
according to the first embodiment of the invention. Oxidation is continued until 
oxidation and reduction potential in the slurry reaches to equilibrium. The resultant 
30 slurry is heated to 80 to 150°C, and then the complex black oxide particles in the slurry are 
aged by stirring the slurry at 80 to lOO^C for 1 to 6 hours or treating the slurry at 100 to 
150°C in an autoclave or the like. This aging process is essential to allow the reaction to 
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proceed and to develop granular particles. At an aging temperature lower than 80^C 
(lower than lOO^C, in the case of the treatment using an autoclave), the reaction does not 
easily proceed, so that granular particles cannot develop and particles having a shape of 
indefinite form are likely to easily develop. At an aging temperature higher than lOO^C 
5 (higher than 15(PC, in the case of the treatment using an autoclave), higher reaction rate is 
likely to cause a wider particle size distribution of the resultant particles. This is 
undesirable. 
[0053] 

An aqueous solution of water-soluble aluminum salt is added to the slurry of 
10 complex black oxide particles after the aging process while the pH of the slurry is 
controlled at 5 to 9. The amount of water-soluble aluminum salt added is adjusted at 
0.05 to 3% by mass as Al content based on the whole particle. The aqueous solution of 
water-soluble aluminum salt can be added in any manner, but it is preferred that the 
solution be added gradually over 30 to 120 minutes so as to develop a layer uniformly on 
15 the surface of the particle. 
[0054] 

On the pH adjustment, if the pH is lower than 5 or higher than 9, a layer would 
not easily develop on the surface of the particles. As the water-soluble aluminum salt 
used is listed aluminum sulfate, aluminum chloride, aluminum nitrate, sodium aluminate 
20 and the like. 
[0055] 

After water-soluble aluminum salt is added, an aqueous solution of water-soluble 
phosphorus compounds or an aqueous solution of water-soluble silicon compounds can be 
successively added while the pH of the slurry is controlled at 6 to 10. Through this 

25 process, an Al oxide layer which contains P or Si compounds can be coated on the surface 
of the particle. The amount of the phosphorus or silicon compounds added can be 
adjusted in a manner that the total content of Al and P or Al and Si in the layer on the 
surface of the resultant complex black oxide particle comes into the range described above. 
It is preferred that the aqueous solution of water-soluble phosphorous compounds or the 

30 aqueous solution of water-soluble silicon compounds be added gradually over 30 to 120 
minutes in the same manner as in the case of the aqueous solution of water-soluble 
aluminum salt. After that, heat treatment is carried out in the same manner as in the 
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process according to the first embodiment of the invention, and an object product of a 

complex black oxide particle is obtained. 

[0056] 

For the same reason as in the case where only water-soluble aluminum salt is 
5 added, it is preferred that the pH be adjusted at 5 to 9 after the addition of water-soluble 
aluminum salt and before the addition of the aqueous solution of water-soluble 
phosphorous compounds or the aqueous solution of water-soluble silicon compoimds. 
[0057] 

In addition, when the aqueous solution of water-soluble phosphorus compounds 
10 or the aqueous solution of water-soluble silicon compounds is added, the pH after the 
addition is adjusted at 6 to 10 for the same reason as in the case of the addition of 
water-soluble aluminum salt. As the water-soluble phosphorus compounds used herein 
are listed phosphate such as sodium phosphate, potassium phosphate or ammonium 
monophosphate, orthophosphoric acid, or phosphorous acid. As the water-soluble silicon 
15 compounds are listed sodium silicate and others. 
[0058] 

When the addition is carried out after water-soluble aluminum salt is preliminary 
mixed with the aqueous solution of water-soluble phosphorous compounds or the aqueous 
solution of water-soluble silicon compounds, the mixed hydroxide of aluminum and 

20 phosphorus or aluminum and silicon is separated by precipitation, so that the layer is not 
easy to develop on the surface of the particle. Further, when the water-soluble aluminum 
salt, the aqueous solution of water-soluble phosphorous compounds, or the aqueous 
solution of water-soluble silicon compounds are added at the same time, the layer tends to 
develop nonuniformly on the surface of the particle. 

25 [0059] 

A black pigment in a coating material containing the complex black oxide particle 
according to the third embodiment of the invention, and a black matrix, a plasma display 
or a plasma address liquid crystal display which is prepared from the black pigment are 
excellent in blackness, oxidation resistance, and gloss of a sintered film, and have a high 
30 electrical resistance. 
[0060] 

The present invention will now be illustrated in greater detail with reference to 
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Examples. 
[0061] 

EXAMPLE 1-1 

Cobalt sulfate hepta-hydrate (CoS04-7H20): 830 grams, copper sulfate 
5 penta-hydrate (CuS04-5H20): 224 grams, and manganese sulfate penta-hydrate 
(MnS04-5H20): 324 grams were put in 6 liters of 45®C water and dissolved by stirring. 
Then, 7.1 liters of 1 mol/L caustic soda were added to the resultant mixed aqueous 
solution over about 90 minutes, and the pH of the resultant slurry of hydroxide was 
adjusted at 12. After the addition, the temperature of the slurry (reaction solution) was 

10 SO°C. After 30 minutes passed from the end of the pH adjustment, air was bubbled into 
the slurry at a flow rate of 3 liters/minute for about 2 hours while the temperature of the 
reaction solution was kept at 50°C. While keeping stirring, the reaction solution was 
heated to 85 -C over 60 minutes, and then kept for 1 hour. After the one-hour keeping up, 
the resultant slurry of complex iron oxide particles was filtered off and washed, and the 

15 washed cake was dried at 80^C for 10 hours. The dried product was pulverized and 
sintered in air at 600^C for 2 hours to obtain complex iron oxide particles having a particle 
size of 0.07 ^m and a BET specific 

[0062] 

Methods of evaluation: 
20 (a) Co, Cu, and Mn content: a sample was dissolved and measured with ICP. 

(b) Average particle diameter: an image was observed with SEM (scanning electron 
microscope) at a magnification of 100,000 times, and Feret was measured for 200 
particles. 

(c) Specific surface area: measured with 2200 BET meter supplied by 
25 Shimadzu-Micromeritics Corp. 

(d) Oil absorption: measured in accordance with JIS K 5101. 

(e) Blackness, Hue: blackness of particles was measured in accordance with JIS 
Bk5101-1991. To 2.0 grams of a sample were added 1.4 cc of castor oil, and they were 
kneaded with a Hoover automatic muUer; to 2.0 grams of the kneaded sample were added 

30 7.5 grams of lacquer; after the sample was further kneaded, it was coated on a mirror- 
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coated paper with a 4 mil applicator; after the coating was dried, blackness ("L" value) and 
hue ("a" value, "b" value) were measured with a color difference meter (trade name: color 
analyzer-TC-1800, supplied by TOKYO DENSHOKU CO., LTD.). 

(f) Tinting strength (dispersibility of coating material): to 0.5 gram of a sample and 
5 1.5 grams of titanium oxide (trade name: R800, supplied by ISHIHARA SANGYO 

KAISHA, LTD.) were added 1.3 cc of castor oil, and they were kneaded with a Hoover 
automatic muUer; to 2.0 grams of the kneaded sample were added 4.5 grams of lacquer; 
after the sample was further kneaded, it was coated on a mirror-coated paper with a 4 mil 
applicator; after the coating was dried, tinting strength was measured with a color 
10 difference meter (trade name: color analyzer-TC-1800, supplied by TOKYO DENSHOKU 
CO., LTD.). 

(g) Oxidation resistance test: a sample was put on a watch glass and dried at 180°C 
using a ventilation type dryer (Type PH-201, supplied by TABAI ESPEC CO.) for 2 hours, 
and then blackness, hue, and tinting strength were measured in the same manner as in (e) 

15 and (f). 

(h) Specular reflectance (gloss associated with surface smoothness of a coating 
film): 60 grams of a solution dissolving styrene-acrylic resin (TB-IOOOF) at a ratio of 
resin: toluene = 1 : 2, 10 grams of a sample after heat treatment, and 90 grams of glass 
beads with a diameter of 1 mm were put in a bottle having an inside volume of 140 ml, 

20 after the bottle was stoppered, they were mixed with a coating material shaker (supplied 
by TOYO SEIKI KOGYO CO., LTD.) for 30 minutes. The resultant coating material 
was coated on a glass plate with a 4 mil applicator and dried. The reflectance at 60 
degrees was measured with a MURAKAMI GLOSS METER GM-3M. 

[0063] 

25 EXAMPLES 1-2 and 1-3, COMPARATIVE EXAMPLES 1-1 to 1-5 

Complex oxide particles were obtained in the same manner as in EXAMPLE 1-1, 
except that each condition for production is changed as shown in TABLE 1-1. The 
resultant complex oxide particle was evaluated for various properties and characteristics in 
the same manner as in EXAMPLE 1-1. The results obtained are shown in TABLE 1-2. 
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[0066] 

As is apparent from TABLE 1-2, the complex black oxide particles of Examples 
were excellent in blackness, hue, oxidation resistance, dispersibility in the preparation of a 
coating material containing the particles, surface smoothness of a coating film of the 
5 coating material. From the results of XRD measurement, although which 2ire not shown 
in the table, it was confirmed that the complex black oxide particles of Examples had a 
crystal structure of at least spinel or inversed-spinel type. 
[0067] 

In contrast, the complex oxide particles of Comparative example 1-1 had a shape 
10 of indefinite form because of too large molar ratios of copper/cobalt and manganese/cobalt. 
These particles were excellent in tinting strength, but were poor in blackness, hue, and 
surface smoothness of a coating film of a coating material containing the particles. 
[0068] 

The complex oxide particles of Comparative example 1-2 were poor in tinting 
IS strength as well as blackness and hue because copper and manganese were not added to 
the particles. These particles had a shape of plate form, so that were poor in surface 
smoothness of a coating film of a coating material containing the particles. 
[0069] 

The complex oxide particles of Comparative example 1-3 which consisted of 
20 chromium, copper, and manganese were poor in blackness, tinting strength, and surface 
smoothness of a coating film of a coating material containing the particles. 
[0070] 

The complex oxide particles of Comparative example 1-4 which consisted of 
cobalt and copper were poor in blackness, hue, tinting strength, and surface smoothness of 
25 a coating film prepared from a coating material containing the particles. 
[0071] 

The complex oxide particles of Comparative example 1-S which consisted of 
cobalt and manganese were poor in blackness, hue, tinting strength, and surface 
smoothness of a coating film of a coating material containing the particles. 



30 [0072] 



EXAMPLE 2-1 



22 



Cobalt sulfate hepta-hydrate (CoS04-7H20): 830 grams, copper sulfate 
penta-hydrate (CuS04-5H20): 224 grams, and manganese sulfate penta-hydrate 
(MnS04-5H20): 324 grams were put in 6 liters of 45-C water and dissolved by stirring. 
Then, 7.1 liters of 1 mol/L caustic soda were added to the resultant aqueous solution over 
5 about 90 minutes, and the pH of the resultant slurry of hydroxide was adjusted at 12. 
After the addition, the temperature of the reaction solution was SO^C. After 30 minutes 
passed from the end of the pH adjustment, air was bubbled into the reaction solution at a 
flow rate of 3 liters/minute for about 2 hours while the temperature of the reaction solution 
was kept at 50^C. While keeping stirring, the reaction solution was heated to 85 °C over 

10 60 minutes, and then kept for 1 hour. After the one-hour keeping up, to the resultant 
slurry of complex iron oxide particles were added 1.6 liters of 0.1 mol/L aqueous solution 
of sodium silicate over 60 minutes, followed by adjusting the pH of the sliury at 7 with 
dilute sulfuric acid and further mixing and stirring over 60 minutes. After that, the slurry 
was filtered off and washed, and the washed cake was dried at 80°C for 10 hours. The 

15 dried product was pulverized and sintered in air at 600®C for 2 hours to obtain complex 
iron oxide particles having a particle size of 0.07 ^m and a BET specific surface area of 
27 m^/g. The resultant complex oxide particles were evaluated for properties and 
characteristics by the methods described below. The results are shown in TABLE 2-2 
and TABLE 2-3. 

20 [0073] 

Methods of evaluation: 

Evaluation was carried out in the same manner as in Example 1-1, except that the 
specular reflectance was measured at 20 degrees. 

[0074] 

EXAMPLE 2-2 

Cobalt sulfate hepta-hydrate (CoS04-7H20): 830 grams, copper sulfate 
penta-hydrate (CuS04*SH20): 224 grams, and manganese sulfate penta-hydrate 
(MnS04-5H20): 324 grams were put in 6 liters of 45^C water and dissolved by stirring, 
followed by adding 1.6 liters of 0.1 mol/L sodium silicate. Then, 7.1 liters of 1 mol/L 
caustic soda were added to the resultant aqueous solution over about 90 minutes, and the 
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pH of the resultant slurry of hydroxide was adjusted at 12. After the addition, the 
temperature of the reaction solution was 50^C. After 30 minutes passed from the end of 
the pH adjustment, air was bubbled into the slurry at a flow rate of 3 liters/minute for 
about 2 hours while the temperature of the reaction solution was kept at 50^C. While 

S keeping stirring, the reaction solution was heated to 85 -C over 60 minutes, and then kept 
for 1 hour. After the one-hour keeping up, the resultant slurry of complex iron oxide 
particles was filtered off and washed, and the washed cake was dried at 80^C for 10 hours. 
The dried product was pulverized and sintered in air at 600^C for 2 hours to obtain 
complex iron oxide particles having a particle size of 0.07 ixm and a BET specific surface 

10 area of 26 m^/g. The resultant complex oxide particles were evaluated for properties and 
characteristics in the same manner as in Example 1. The results are shown in TABLE 
2-2 and TABLE 2-3. 



Addition of sodium silicate 


Conditions for 
treatments after 
addition 


adjusted at pH7, 
then subjected to 
solid-liquid 
separation 


neutralized with 
caustic soda, 
then oxidized 

while keeping at 
pH12 


Addition time 
(minutes) 


S 


one-time 
addition 


Addition 
timing 


after oxidation 




at the time 
when the other 
metal salt 
aqueous 
solutions are 

auu&u 


Aqueous solution of mixed metal salts 


0.1 mol/L 
sodium 
silicate 
added 
amounts (L) 




vq 


O 

SIS' 2 55 
O « S S 

|-s IS 






o 

i 1 

U 


<^ 




o 

Fags 


o 
m 

00 


o 

CO 
00 




Example 2-1 


Example 2-2 



I 

a 



- 3 

o H 



■8 

CO 

a> 
O 
C 
a 

6 



U ^ .2 



cd O 

11 



c3 s .2 

2 « 
0 B <- 



1 



ii 

e2 



i 



3 O 



1 



«5 S3 
S 



e 



vo 



o 



o 



vo 
O 



cS 



in 
o 



o 



o 



o 
o 



ON 

o 



o\ 
o 



vo 

o 



vo 

o 



o 

ON 

CD 



Ov 

c> 



CS 



<N 



Ov 



vo 



vo 



E 

CO 



1 



I 



8 



vo 



o 



o 



O 

>< G 
O 



52 2 



CO 



09 
CO 



4> 

I 



9 



OS 



00 
On 



9 



ON 



00 

ON 



P5 



VO 



I 



CM 



o 
o 



27 



[0078] 

As is apparent from TABLE 2-3, the complex black oxide particles of Examples 
were excellent in blackness and hue before and after oxidation resistance test, particularly 
in surface smoothness of a coating film of a coating material containing the particles. 
5 From the results of XRD measurement, although which are not shown in the table, it was 
confirmed that the complex black oxide particles of Examples had a crystal structure of at 
least spinel or inversed-spinel type. 

[0079] 

EXAMPLE 3-1 

10 Cobalt sulfate hepta-hydrate (CoS04-7H20): 830 grams, copper sulfate 

penta-hydrate (CuS04-5H20): 224 grams, and manganese sulfate penta-hydrate 
(MnS04-5H20): 324 grams were put in 6 liters of 45-C water and dissolved by stirring. 
Then, 7.1 liters of 1 mol/L caustic soda were added to the resultant mixed aqueous 
solution over about 90 minutes, and the pH of the resultant slurry of hydroxide was 

15 adjusted at 12. After completion of the addition, the temperature of the reaction solution 
was 50^C. After 30 minutes passed from the end of the pH adjustment, air was bubbled 
into the slurry at a flow rate of 3 liters/minute for about 2 hours while the temperature of 
the reaction solution was kept at SO^C. While keeping stirring, the reaction solution was 
heated to 85 over about 60 minutes, and then kept for 1 hour. After the one-hour 

20 keeping up, to the reaction solution were added 4.5 liters of 0.1 mol/L aqueous solution of 
sodium aluminate over 60 minutes, followed by adjusting the pH of the slurry at 6 and 
further mixing and stirring over 60 minutes. The resultant slurry was filtered off and 
washed, and the washed cake was dried at 80°C for 10 hours. The dried product was 
pulverized and sintered in air at 600-C for 2 hours to obtain complex iron oxide particles 

25 having a particle size of 0.07 im and a BET specific surface area of 24 m^/g. The 
resultant complex oxide particles were evaluated for properties and characteristics by the 
methods described below. The results are shown in TABLE 3-2 and TABLE 3-3. 

[0080] 

Methods of evaluation: 

30 Evaluation was carried out in the same manner as in Example 1-1, except that the 
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specular reflectance was measured at 20 degrees. In addition, electrical resistance was 
measured in accordance with the following method. 

Electrical resistance: a sample weighing 10 grams was put into a holder and 
molded under a pressure of 600 kg/cm^ into a tablet of 25 mm in diameter. Electrodes 
5 were attached to the tablet, and the resistance was measured under a load of ISO kg/cm^. 
The electrical resistance of the complex oxide particles was calculated from the thickness, 
cross-sectional area of the sample used in the measurement and the measured electrical 
resistance value. The conditions for the measurement were 2S°C and 55% RH. 

[0081] 

10 EXAMPLES 3-2 and 3-3 

Complex oxide particles were obtained in the same manner as in Example 3-1, 
except that each condition for production was changed as shown in TABLE 3-1. The 
resultant complex oxide particles were evaluated for properties and characteristics in the 
same manner as in Example 3-1. The results are shown in TABLE 3-2 and TABLE 3-3. 
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[0085] 

As is apparent from TABLE 3-3, the complex black oxide particles of Examples 
were excellent in blackness and hue before and after oxidation resistance test, 
dispersibility in the preparation of a coating material containing the particles, surface 
5 smoothness of a coating film of a coating material containing the particles, having 
sufficiently high electrical resistance. From the results of XRD measurement, although 
which are not shown in the table, it was confirmed that the complex black oxide particles 
of Examples had a crystal structure of at least spinel or inversed-spinel type. 

Industrial Applicability: 
10 [0086] 

A complex black oxide particle according to the present invention is still more 
excellent in blackness, oxidation resistance, dispersibility in the preparation of a coating 
material containing the particles, and surface smoothness of a coating film prepared from 
the coating material, so that the particle is suitable as a black pigment for coating material, 

15 ink, toner, rubber, or plastic. Particularly the particle is suitable for a color composition 
for black matrixes, or a black electrode or a light-shielding layer for a front panel of 
plasma displays or plasma address liquid crystal displays. Black matrixes, plasma 
displays, or plasma address liquid crystal displays which are prepared from a black 
coating material in which the complex black oxide particle is used are excellent in 

20 blackness, oxidation resistance, and uniformity and gloss of a sintered coating film. 
[0087] 

In particular, a complex black oxide particle according to the present invention, 
which contains silicon, is excellent not only in blackness, hue, and heat resistance, but also 
particularly in surface smoothness of a coating film of a coating material containing the 
25 particles. Black matrixes, plasma displays, or plasma address liquid crystal displays 
which are prepared from such a black coating material of the complex black oxide particle 
are excellent in blackness, hue, heat resistance, and uniformity and gloss of a sintered 
coating film. 
[0088] 

30 Further, a complex black oxide particle according to the present invention, whose 

surface is coated with Al oxide, is excellent in blackness, oxidation resistance. 
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dispersibility in the preparation of a coating material containing the particles, and surface 
smoothness of a coating film of the coating material. Particularly, the particle has a high 
electrical resistance, so that the particle is suitably used for a color composition for black 
matrixes, or a black electrode or a light-shielding layer for a front panel of plasma displays 
5 or plasma address liquid crystal displays. Black matrixes, plasma displays, or plasma 
address liquid crystal displays which are prepared from a black coating material in which 
the complex black oxide particle is used not only show excellent performance in blackness, 
oxidation resistance, and gloss of a sintered coating film, but also have a high electrical 
resistance. 



